In this study, chemometric method is employed to identify anthropogenic effects on the water quality in Sanya Bay, South China Sea, and its marine and natural characteristics. Principal component analysis has extracted the four latent factors, thus explaining 85.52% of the total variance. Cluster analysis and principal component analysis have identified three different patterns of water quality based on anthropogenic effects and marine characteristics: Cluster I located in the outer and middle parts of the bay, Cluster II close to downtown Sanya, Cluster III located in the Sanya River estuary. In terms of the temporal pattern, principal component analysis and cluster analysis have distinguished the dry season from November to the following April, and the rainy season from May to October. The temporal pattern is related to climate and natural characteristics. The similarity index between variables and scores of samples can further distinguish the contribution of the variables to the samples. Both the polluting sources external to the Sanya River and the water from the South China Sea exercise an important influence on the water quality in Sanya Bay. These results may be valuable for socioeconomic development and human health in the Sanya Bay area.
A B S T R A C T
In this study, chemometric method is employed to identify anthropogenic effects on the water quality in Sanya Bay, South China Sea, and its marine and natural characteristics. Principal component analysis has extracted the four latent factors, thus explaining 85.52% of the total variance. Cluster analysis and principal component analysis have identified three different patterns of water quality based on anthropogenic effects and marine characteristics: Cluster I located in the outer and middle parts of the bay, Cluster II close to downtown Sanya, Cluster III located in the Sanya River estuary. In terms of the temporal pattern, principal component analysis and cluster analysis have distinguished the dry season from November to the following April, and the rainy season from May to October. The temporal pattern is related to climate and natural characteristics. The similarity index between variables and scores of samples can further distinguish the contribution of the variables to the samples. Both the polluting sources external to the Sanya River and the water from the South China Sea exercise an important influence on the water quality in Sanya Bay. These results may be valuable for socioeconomic development and human health in the Sanya Bay area.
INTRODUCTION
Coastal bays are subject to a number of environmental factors that reflect the interactions between land and ocean. These ecosystems are subject to anthropogenic activities, natural and oceanic variation. In several recent decades, rapid economic growth and the increase in the population of the coastal areas have exercised a great influence on the ecological environment of the bays. The increase of the nutrient load in the Baltic Sea has changed the biological structure and ecological processes in both coastal and open sea areas (BONSDORFF et al., 2002) . Eutrophication of coastal ecosystems from nutrient over-enrichment is widespread (NIXON, 1993) . The increasing anthropogenic impact has lead to the degradation of the marine ecosystem in the Black Sea (MEE, 1992) . There has been an increase in the anthropogenic effects on the loading and transport rates of the limiting plant nutrients nitrogen (N), phosphorus (P), and silica (Si) during the last century (CONLEY, 1999) . Eutrophication and environmental pollution have obviously occurred in many coastal areas, especially in estuaries and coastal bays with dense human populations in their watersheds (YIN et al., 2001; CLOERN, 1996; WANG, 2007) .
It is therefore essential and urgent to prevent and control marine water pollution, and regularly implement monitoring programs which help to create an understanding of the spatial and temporal variations in coastal water quality. Water quality monitoring programs have generated huge databases describing the variation of spatial and temporal patterns for water quality. The large and complicated data sets of water quality parameters are often difficult to analyze meaningfully and require data reduction methods to simplify the data structure so as to make the extraction of useful and interpretable information which could explain the spatial and temporal variation patterns of water quality possible.
In recent years, chemometrics such as cluster analysis (CA) and principal component analysis (PCA) have been effectively employed to evaluate the temporal and spatial characteristics of coastal water quality (KUPPUSAMY; GIRIDHAR, 2006; ZHOU et al., 2007a; ZHOU et al., 2007b; YUNG et al., 2001; YEUNG, 1999; WANG et al., 2006; KOTTI et al.; 2005, WU; WANG, 2007; MUTTIL, 2007; SIMEONOV et al., 2003) . Cluster analysis (CA) is called the unsupervised pattern recognition method, grouping objects into classes (clusters) so that objects within a class are similar to each other but different from those in other classes (ALBERTO et al., 2001) . Results of CA can only observe the similarity between monitoring sites (clusters), rather than obtain factors playing an important role in determining the difference between clusters. Not only can principal component analysis interpret the characteristics by clustering the samples, but it can also describe their different characteristics and help to discover the relationship between different variables by the variable lines (QU; KELDERMAN, 2001) . The similarity index (SI) between two samples or variables can evaluate the relationship between samples or parameters (GONG et al., 2005) . The loadings of the parameters stand for the parameters which exercise an influence on the samples. Thus, SI combined with principal component analysis is also employed to evaluate the contribution of the parameters to the samples.
The aim of this paper is to conduct an overall study of the water quality patterns of Sanya Bay. Principal component analysis and cluster analysis have identified the effects caused by the natural and anthropogenic activities undertaken in the bay.
MATERIAL AND METHODS

Study Area
Sanya Bay is situated in the southern part (from 109°20' to 109°30'E, 18°11' to 18°18'N) of Hainan Island, with a water area of 120 km 2 and an average depth of 16 m. It is a typical tropical and permanently open bay. With the rapid development of urbanization and tourism, Sanya Bay has experienced anthropogenic impact, receiving agricultural, domestic and industrial sewage as well as rainwater from the Sanya River, in addition to nutrient enrichment and toxins derived from the cage culture of fishes (HUANG et al., 2003) . Dongmao Island, Ximao Island and Luhuitou, located at the mouth of the bay, possess mostly coastal coral reefs. The Sanya River, flowing into the eastern part of the bay, is 31.3 km long, drains an area of 337 km 2 and has an annual flow of 2.11×10 9 m 3 (HUANG et al., 2003) . The wet, warm southwest monsoon prevails in the rainy season from April to September and brings humid air from low latitudes, resulting in gentle monsoonal rainfall in spring and heavy rainfall in summer. By contrast, a dry, cold northeast monsoon predominates in the dry season from October to the following March.
In order to evaluate both the anthropogenic and natural effects in Sanya Bay, 10 monitoring stations were located in its waters (Fig. 1 ).
Sampling and Chemical Analyses
Water samples were taken at the surface and in the middle and bottom layers of all the stations at monthly intervals, in 2003. A Quanta® Water Quality Monitoring System (Hydrolab Corporation, USA) was employed to collect the data for temperature (T/℃), pH, salinity (S/PSU) and Specific conductivity (SPC/µS·cm -1 ) in the surface, middle and bottom layers. Seawater samples for analysis of nutrients were taken using 5 L GO FLO bottles in the surface, middle and bottom layers, in accordance with the methods and sampling tools of "The specialties for oceanography surveying" (GB12763-91, China The data used were taken from the monthly monitored 2003 data set. The thermocline had been observed in summer and surface data were used in the data analysis. The matrix was constructed with 142 rows [120 samples (10(stations) ×12(months)) +10 samples (stations in annual) +12 samples (samples in monthly)] and 12 (parameter) columns. All parameters were also z-scale standardized (mean=0; variance=1) to minimize the effects of differences in measurement units and variance and to render the data dimensionless. Principal component analysis was performed to reduce the dimensions of the data set (matrix), and the principal components extracted, according to the eigenvalue-more-than-one rule. The annual scores of 10 stations were employed to assess the spatial pattern of the water quality. The scores of the months were used to assess the temporal pattern of the water quality.
The similarity index (SI) between two samples or variables ( x , respectively. In this study, the SI between loadings of variables and the scores of samples is employed to identify the parameters having influence on the samples.
The classification of sampling monitoring stations was also performed by the application of cluster analysis with standard Euclidean distance as similarity or dissimilarity measure and Ward's method of linkage. This purpose of this study was to identify similarities or dissimilarities among monitoring stations or monthly characteristics and to distinguish each cluster in terms of local natural and anthropogenic effects.
All the mathematical and statistical computations were performed using MATLAB6.5 (Mathworks Inc., USA).
RESULTS
Environmental factors
The water temperature ranged between 23.17°C and 30.51ºC during the study period. The mean water temperature was 26.31°C. The salinity varied narrowly from 32.59 to 34.79. The concentration of Si-SiO 3 fluctuated widely from 1.71 µmol·L -1 to 17.47 µmol·L -1 . The pH varied from 8.07 to 8.41. The basic statistics of the data set on water quality are summarized in Table 2 . (FARNHAM et al., 2000) ).
DO was negatively correlated with temperature because the solubility of oxygen in water decreases with increasing temperature (p<0.01). There was significant negative correlation between salinity and temperature (p<0.01). The salinity was significantly correlated to DO (p<0.01), SPC (p <0.01), Si-SiO 3 (p <0.01), P-PO 4 (p <0.01), N-NO 2 (p <0.01), N-NO 3 (p <0.01), N-NH 4 (p <0.01), and DIN (p <0.01). The concentration of nutrients decreased greatly with higher salinity.
Cluster Analysis
The classification of sampling monitoring stations was performed by the application of cluster analysis with standard Euclidean distance as similarity or dissimilarity measure and Ward's method of linkage. This purpose of this study was to identify similarities or dissimilarities among monitoring sites and to distinguish each cluster in terms of local natural and anthropogenic effects.
The application of cluster analysis to the 10×12 data matrix (the annual values of variables at each station: the row is the station and the column is the variable) distinguished three major clusters, namely Clusters I, Ⅱ and Ⅲ. The dendrogram is shown in Figure 2 .
Cluster Ⅰ consists of stations S3-S10. All the stations in this cluster are located in the outer and middle parts of the bay. This cluster is divided into two subclusters. Subcluster ⅠA consists of the stations located in the middle part of the bay: S3, S4, S5, S7, S8 and S9. Subcluster ⅠB consists of the stations located in the outer part of the bay, i.e., S6 and S10. Cluster Ⅱ consists of station S1. The station in this cluster is close to downtown Sanya. Cluster Ⅲ consists of station S2. The station in this cluster is located in the Sanya River mouth.
The application of cluster analysis to the 12×12 data matrix (the row is the month and the column the variable) distinguished two major clusters, namely dry season and rainy season. The dendrogram is presented in Figure 3 .
Principal Component Analysis
To examine the suitability of the data for principal component analysis, Kaisere-Meyere-Olkin (KMO) was undertaken. KMO is a measure of sampling adequacy that indicates the proportion of variance which is common. In this study, KMO is 0.52, greater than 0.5, thus indicating that PCA can achieve a significant reduction of the dimensionality of the original data set. The water is a complicated system with a large number of physical, chemical and biological parameters involved. In addition, due to the variation of weather and tide etc, these parameters in the water column are subject to constant change. As a result, it is difficult to determine the seasonal change characteristics of the water in terms of a single factor. Principal component analysis is an important tool for data compression and information extraction. PCA discovers linear combinations of the original variables that describe the significant variations in the data, and extracted the four latent factors, according to the eigenvalue-more-than-one rule. The loadings of the first four principal components are shown in Table. 3. The first four PCs explain 85.52% of the total variance. PC1 explains 42.24% of that total variance, and is clearly dominated by salinity, SPC and nutrients, which shows its marine character. PC2 explains 19.58% of the total variance, and is clearly dominated by temperature and pH, which shows its climatic character. This component (PC2) can be explained that high levels of dissolved organic matter consume large amounts of oxygen, which undergoes anaerobic fermentation processes leading to the formation of ammonia and organic acids. Hydrolysis of these acidic materials causes a decrease in pH values (VEGA et al., 1998; SINGH et al., 2004) . PC3 explains 14.16% of the total variance, and is clearly dominated by salinity, Si-SiO 3 and N-NH 4 , which demonstrates the anthropogenic resources. PC4 explains 9.54% of the total variance, and is clearly dominated by DO and N-NH 4 , which shows its seasonal character.
The loading plot on the first two PCs is given in Figure 4 . The loadings of salinity in PC1 and PC2 are negative and positive, respectively. The loading of temperature is positive in PC1. The temperature and salinity may be important indicators of climate and marine character. The loadings of the nutrients in PC1 are positive.
In respect to the spatial distribution, the plot of the scores for the first two principal components of each station is shown in Figure 5 . The spatial pattern is classified into three clusters. The result is in agreement with the result of the cluster analysis. The scores of S2 are displayed farthest to the right of the first principal component axis with high nutrients. The SI between S2 and nutrients are higher than 0.85. The SI between S1 and nutrients ranges from 0.00 to 0.85. The SI between S3-S10 and nutrients are less than 0.00 (Table  4 ). The S2 has higher concentrations of nutrients than do the other stations. The S2 is heavily polluted, probably by external pollution sources from the Sanya River. The average concentrations of nutrients show similar spatial variations, decreasing from the eastern to the western part of the bay (Fig. 6) By contrast, the scores of the stations from S3 to S10 stayed on the left side of the first principal component axis with high DO, pH, salinity and SPC. The SI between S3-S10 and salinity are higher than 0.75. The SI between S1-S2 and salinity are less than 0.00 (Table 4) . The stations (S3-S10) have higher salinity than the other stations. Fresh water from the Sanya River diminishes the surface salinity in Cluster (S2). The water from the South China Sea may play an important role in the water quality at these stations. In addition, SPC and salinity have similar characters. Freshwater input may impart abrupt decreases in SPC. Decreased runoff, commonly observed in winter, provides decreased dilution for ionic inputs in tributaries, usually manifested as increases in SPC.
As regards the temporal pattern, the plot of the scores for the first two principal components of each month is shown in Figure 7 . The temporal pattern is classified into two groups, dry season and wet (rainy) season. The dry season consists of dry season samples. The samples from the dry season are located in the third and fourth quadrants. They are characterized by relatively low temperatures. The SI between the rainy season from May to October and temperature are higher than 0.45. The SI between the dry season from November to the next April and temperature are less than 0.00 (Table 5) . Temperature may be an important indicator of seasonal change.
DISCUSSION Spatial Pattern
Chemometrics are widely employed to identify the temporal and spatial variations in coastal water quality WANG, 2007 , WU et al., 2009a , WU et al., 2009b . Both CA and PCA have identified the temporal and spatial characteristics of the water quality in Sanya Bay. The PCA results show that nutrients make important contributions to the scores of the samples in PC1 and PC2. It is, therefore, clear that the scores of the stations are related to the importance of the variables (Table 3 ). The increase of the nutrient load into Chinese coastal waters must be related to external sources, such as JiaoZhou Bay (SHEN, 2001; SHEN et al., 2006; ZHAO et al., 2005) and Daya Bay WANG, 2007; QIU et al., 2005) . With the expansion of the tourist trade and the rapid population growth of Sanya City (more than 5×10 5 inhabitants), the impact of human activities on the bay has increased significantly, and this leads to greater nutrient inputs into the bay (ZHOU et al., 2009 ). For example, DIN reached 26.0 µmol·L -1 in Sanya Harbor in summer, 1999 (HE et al., 2000) . The concentrations of nutrients made a significant contribution to the scores of S2 in PC1. The second one was S1. The positive loadings of nutrients in PC1 suggest that the municipal waste water and runoff of the Sanya River play an important role in determining the local water quality. The annual concentration of TIN in cluster III (S2) was more than that in Cluster II (S1), the last one being Cluster I. Nutrient concentrations increased shoreward and clearly demonstrated the impact due to the terrestrial input and the Sanya River (ZHOU et al., 2009) . The domestic and industrial wastewater discharge enters the Sanya River, and then the bay. S2 was mainly influenced by the domestic wastewater and runoff of the freshwater from Sanya River. The SI showed that nutrients made an important contribution to S2 (Table 4) . This supports the view that the Sanya River estuary receives an important external micropolluting input from the Sanya River. Table 5 . The similarity index between parameters and monthly scores.
In this study, PCA found that temperature and salinity were important climatic factors, which had a considerable effect on the water quality characteristics. Temperature and salinity have stronger positive and negative loadings, respectively, in PC1. The annual salinity in Cluster Ⅱ (S1) was more than that in Cluster Ⅲ (S2), and less than that in ClusterⅠ. Correlation coefficient analysis showed that nutrients were negatively correlated to salinity. Negative correlation between nutrients and salinity demonstrate that land sources are the main source of high nutrient levels . Nutrients are introduced into the bay by river and sewage discharges. The freshwater discharge from the Sanya River may carry the nutrients into the bay. They indicate the importance of the mixing of polluted freshwater and coastal saline waters.
On the other hand, Sanya Bay is a permanently open bay. The annual salinity distribution in all the clusters demonstrates that marine factors . The water residence time is shorter during the southwest monsoon period than during the northeast monsoon period. The concentration of both P-PO 4 and Si-SiO 3 decreases from inshore to offshore waters, probably as a result of the effects of land sources and the freshwater discharges of the Sanya River, and the waters of the South China Sea (HUANG et al., 2003) . The SI showed that salinity made an important contribution to S3-S10 (Table 4) . Therefore, the waters from the South China Sea play an important role in renewing the waters of the bay. The result of cluster analysis is in agreement with that of PCA as regards spatial distribution. The (10) monitoring stations fall into the three groups of the relatively non-polluted region (Cluster I), the moderately polluted region (Cluster II), and the highly polluted region (Cluster III).
Temporal pattern
In the temporal pattern, the seasonal character of the water quality was investigated through scores of the monthly samples of the first two principal components (Fig. 7) . On the scores plot (Fig. 7) , the samples belonging to the two different seasons are well differentiated and clearly visible. The first group includes the samples collected in the dry season (January, February, March, April, November and December). The second group includes the samples collected in the rainy season, from May to October. A wet, warm southwest monsoon prevails in the rainy season from April to September, bringing humid air from low latitudes, and resulting in gentle monsoonal rainfall in spring and heavy rainfall in summer. By contrast, a dry, cold northeast monsoon predominates in the dry season, from October to the following March (LIANG et al., 2000) . In this region, the Southeast Asian monsoons, northeasterly from October to the next April and southwesterly from May to September, have important effects on biogeochemical cycles in South China Sea waters .
From the score plot, the temporal distribution of the samples can be observed clearly. In the third and fourth quadrant, a cluster of the dry seasonal samples is characterized by high DO content, salinity, pH and SPC, because these variable lines are located in these quadrants (Fig. 4) . The samples of the rainy season are clearly separated from the samples of the dry season; they are located in the first and second quadrants. They are characterized by relatively high concentrations of nutrients and high temperature. The average sea surface temperature was higher in the rainy season (29.15 ) than in the dry season (24.76ºC). The temperature weightings are 0.2168 and 0.4884, respectively, in PC1 and PC2. The difference in temperature as between the dry and rainy seasons was significant (p<0.05). It makes a considerable contribution to the scores of samples in PC2. The scores of the samples collected during the dry season are below zero in PC2. The variable (temperature) can be an important indicator in seasonal change. The SI showed that temperature made an important negative contribution to samples collected during the dry season and a positive contribution to those collected during the rainy season (Table 5 ). This shows that the temperature during the dry season is lower than that during rainy season.
The sea surface salinity of the S2 was 33.29 and 34.63 in August and February, respectively. Heavy rain dilutes the surface salinity in the rainy season. This significant negative correlation between salinity and temperature was due to the large input of freshwater through tributaries resulting from the heavy rainfall in July and August (summer) when the water temperature is high in the study area (PARK; PARK, 2000) . Rainfall is an important climatic indicator of changes in seasonal characteristics. In order to confirm the seasonal change, the average precipitation data at Haikou (110°35'E, 20°03'N) and Dong fang (108°62'E, 19°10'N), Hainan, from 1971~2000 (China Meteorological Administration, 1971~2000) are used to corroborate and clarify the change in seasonal characteristics (Fig. 8) . The monthly precipitation during the rainy season is more than 100 nm, except during May in Dongfang, and less than 100 nm during the dry season. Rainfall and land-based water input may be sufficient to explain the difference in the water quality between the dry and rainy seasons. The concentration of Si-SiO 3 is 9.31 µmol·L -1 and 7.32 µmol·L -1 in the rainy and dry seasons, respectively. The concentration of Si-SiO 3 reflects the seasonal changes, the concentration in the rainy season being higher than that in the dry season (HUANG et al., 2003) . The seasonal characteristic is in agreement with that in the subtropical Daya Bay (WU; WANG, 2007) .
The result of the cluster analysis is in agreement with that of the PCA in the classification of the seasonal pattern. This result corroborates the seasonal characteristics, of the dry and rainy seasons, of the water quality in the bay. 
CONCLUSION
In this study, the chemometric method was employed to identify the spatial pattern and seasonal character of the water quality in Sanya Bay. Principal component analysis identifies the anthropogenic effects and the natural and marine characteristics of the water quality in Sanya Bay. In the spatial pattern, principal component analysis and cluster analysis obtained the same results. The 10 monitoring stations were grouped into three clusters with similar characteristics based on variables of water quality. The results suggest that anthropogenic activities have had significant effects on the water quality in Sanya Bay. The Sanya River discharge appears to play an important role in determining local water quality. In the seasonal pattern, the scores of monthly samples of the first two principal components identified the characteristics of the seasonal change in the water quality of Sanya Bay. The Southeast Asian monsoons, northeasterly from November to the next April and southwesterly from May to October, have important effects on the biogeochemical cycles in South China Sea waters. The dry season from November to the following April and the rainy season from May to October have been distinguished. The result of cluster analysis has further supported the characteristics of seasonal change. The chemometric method is an effective tool for identifying anthropogenic effects, and for the rapid assessment of water quality. 
